. A similar staining pattern is obtained even if BrdUrd is present in the replication cycle that results in endoreduplication, but in this case the light chromatid will be bifilarly substituted and the dark chromatid will be unifilarly substituted. Because of the topological constraints that lead to the newly replicated polynucleotide strand always segregating to the outside of a pair of sister chromatids (4, (11) (12) (13) , in either case the endoreduplicated pair then consists of a chromosome with a light chromatid and its light sister chromatid lying next to a dark chromatid from the chromosome containing a dark chromatid and a light sister chromatid (Fig. 2) . Thus the order of the chromatids in such an endoreduplicated pair of chromosomes is light-dark next to light-light, with the dark chromatid always in the center. An SCE will disrupt this pattern. Furthermore, in such cells, by using the criteria of Brewen and Peacock (14) that were established for SCEs Abbreviations: SCE, sister chromatid exchange; FPG, fluorescenceplus-Giemsa; CHO, Chinese hamster ovary; MMC, mitomycin C; MNNG, N-methyl-N'-nitro-N-nitrosoguanidine; BrdUrd, 5-bromodeoxyuridine.
When cells are exposed to ultraviolet radiation (1) or to chemical mutagenic carcinogens (2) , one of the most readily observable effects is the induction of chromosomal exchanges between sister chromatids. If the DNA is allowed to replicate in the presence of the thymidine analog 5-bromodeoxyuridine (BrdUrd), in which the methyl group of the thymidine is replaced with the heavier atom bromine, then, because of the semiconservative replication of DNA, each sister chromatid contains one original light polynucleotide strand and one new heavy strand containing BrdUrd. If such a chromatid replicates again in the presence of BrdUrd, each polynucleotide strand separates from its complementary strand and is now paired with a new heavy strand. This results in chromosomes in which one sister chromatid is bifilarly labeled with BrdUrd, and the other sister chromatid is only unifilarly labeled. The two sister chromatids are now chemically different from one another and can be made to stain differentially (3) . The chromatid containing more BrdUrd always stains lighter than its sister. Any
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sister chromatid exchange (SCE) can now be seen clearly with great resolution (4) . In fact, the induction of SCEs visible in such chromosomes has constituted one of the most sensitive mammalian tests for the effects of mutagenic carcinogens (5) .
Because cells must replicate at least twice before an SCE becomes visible, any given SCE could have been induced at either of the S periods before the cells reach the metaphase at which the exchanges are scored (1) . In cells exposed to chemical agents, this has raised questions of how long any lesion, or adduct, remains unrepaired in the DNA and therefore remains capable of producing an SCE.
In previous attempts to determine in which cell cycle an SCE was actually formed, cells often were cultured for three rounds of replication in the presence of BrdUrd, which led to threeway differential staining of the chromosomes (6) (7) (8) visualized in autoradiographs, it is now extremely easy to determine at which round of DNA replication the SCE actually occurred. Any SCE that occurs in the first cycle of replication disrupts the pattern described above so that the exchange occurs between the two inner chromatids of the endoreduplicated pair-i.e., between the darkly stained inner chromatid and the lightly stained inner chromatid of the other chromoti' 2nd some (Fig. 3 ). This is a between-chromosome, inner-inner exchange (14) . If the SCE occurs in the second cycle, then it is also manifested as an exchange between chromosomes, but now it is between the darkly stained inner chromatid and the outer chromatid of the lightly stained pair-i.e., is a betweenchromosome, inner-outer exchange (Fig. 3) . When an SCE occurs in the third round of replication, which leads to the endoreduplication, it is discernible only within the chromosome that contains one dark and one light chromatid and does not occur between the paired chromosomes. It is thus classified as a within-chromosome SCE, rather than betweenchromosome SCE (Fig. 3) . It is thus possible to tell with great precision and ease at which division the SCE occurred (Fig. 2) .
A similar technique has been developed independently by R. Meschini, R. Bastianelli, and F. Palitti (personal communication), who use a different terminology to describe first-, second-, and third-division SCEs.
On rare occasions we have seen an endoreduplicated chromosome pair that has the dark chromatid on the outside. This discrepant arrangement is evidently an artifact that arises when the metaphase plate is flattened during drying of the slides. In one of the cells in Fig. 2 When the cells were exposed before the first S period to very low concentrations of MNNG for only 1 hr, a large number of SCEs were induced in the first cycle (Table 1) . A similar number were induced in the second cycle as well, and SCEs were still being induced even in the third cycle. Clearly, the lesions induced by the alkylating agent MNNG are not being repaired as efficiently as are crosslinks.
When the cells were exposed to x-rays, which mainly induce DNA strand breaks, very few SCEs were induced until high doses that induce discernible base damage had been administered (Table 1) . At 250 cGy an increase in SCEs was produced only in the first cycle. After 500 cGy of x-rays, however, the first-cycle SCEs more than doubled. In the second cycle, a significant increase in SCEs still occurred, but it was now only a 36% increase, and by the third cycle only a control level was found.
Sasaki (20) found in human embryonic fibroblasts that when endoreduplication was induced by 2-mercaptoethanol, the numbers of SCEs increased. Such was not the case, however, in Chinese hamster V79 cells in which endoreduplication was induced by hydrazine (21) or Colcemid (22) . Therefore, to relate the numbers of SCEs induced in CHO cells exposed to rotenone, which induces endoreduplication at a very high rate, to the levels found in unexposed cells, a standard SCE test was carried out in which cells growing exponentially in T75 flasks were exposed to rotenone for 3 hr before the addition of BrdUrd for two cell cycles. Under such conditions no endoreduplication occurs. The experiment ( However, the data for the controls in all the endoreduplication experiments indicate that equal numbers of SCEs were found in all three cycles, and thus that rotenone did not increase SCEs at the time of endoreduplication. Nevertheless, in two of the four controls in the endoreduplication experiments, the number of SCEs was higher than than that in the controls in the standard experiment. This result, which is similar to those of Sasaki (20) , is most likely attributable to the control being somewhat low in the standard experiment.
The results of this study indicate that CHO cells handle the lesions induced by the three agents differently. Even at doses that induced high levels of SCEs, the crosslinking agent MMC produced lesions that lasted only one cell cycle, whereas MNNG induced lesions that were still in the DNA and capable of inducing SCEs at the third cycle. X-rays induced lesions that were intermediate; even after high doses that induced equivalent numbers of SCEs in the first cycle as do the other two agents, only a few SCEs were induced in the second cycle and none were induced in the third. The cells, therefore, removed
